Optimization of Stego Image Retaining Secret Information Using Genetic Algorithm with 8-connected PSNR  by Roy, Rinita & Laha, Sumit
 Procedia Computer Science  60 ( 2015 )  468 – 477 
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
doi: 10.1016/j.procs.2015.08.168 
ScienceDirect
Available online at www.sciencedirect.com
WK,QWHUQDWLRQDO&RQIHUHQFHRQ.QRZOHGJH%DVHGDQG,QWHOOLJHQW,QIRUPDWLRQDQG(QJLQHHULQJ
6\VWHPV
2SWLPL]DWLRQRI6WHJR,PDJHUHWDLQLQJVHFUHWLQIRUPDWLRQXVLQJ
*HQHWLF$OJRULWKPZLWKFRQQHFWHG3615
5LQLWD5R\6XPLW/DKD
'HSDUWPHQWRI&RPSXWHU6FLHQFHDQG(QJLQHHULQJ)XWXUH,QVWLWXWHRI(QJLQHHULQJDQG0DQDJHPHQW.RONDWD±,QGLD
$EVWUDFW
'XH WR WKH IDVW DGYDQFHPHQW RI LQWHUQHW DQG GLJLWDO WHFKQRORJ\ VHFXUHG WUDQVPLVVLRQ RI GDWD RYHU QHWZRUNV RIIHUV D JUHDW
FKDOOHQJH7KLVSUREOHPRIVHFUHF\RILQIRUPDWLRQKDVORQJEHHQUHFHLYHGWKHDWWHQWLRQRIUHVHDUFKHUVGXHWRLWVLPPHQVHGHPDQG
LQ UHDO OLIH DSSOLFDWLRQV VXFK DV LQIRUPDWLRQ VHFXULW\ V\VWHPV7KH SUREOHP LV WR RSWLPL]H WKH VWHJR LPDJH FORVH WR WKH FRYHU
LPDJHZLWKRXWDIIHFWLQJWKHVHFUHWHPEHGGHGLPDJHUHVXOWLQJLQKLJKYLVXDOVWHJRLPDJHTXDOLW\,QWKLVSDSHUZHKDYHSUHVHQWHG
DQLPSURYHGJHQHWLFDOJRULWKPDVWKHRSWLPL]DWLRQDOJRULWKPWRVROYHWKLVSUREOHP:HKDYHSURSRVHGDKHXULVWLFLQLWLDOL]DWLRQ
WHFKQLTXH WRJHQHUDWH LQLWLDO SRSXODWLRQ DQG DQHZ ILWQHVV IXQFWLRQEDVHGRQ WKH3HDN6LJQDO WR1RLVH5DWLR 3615REWDLQHG
IURPFRQQHFWHGQHLJKERUVRIHDFKSL[HO7KHSURSRVHGJHQHWLFDOJRULWKPLVDSSOLHGIRUWKHHQWLUHVWHJRLPDJHDQGH[HFXWHGIRU
DFHUWDLQQXPEHURIJHQHUDWLRQV7KHH[SHULPHQWDOUHVXOWVGHPRQVWUDWHWKDWWKHSURSRVHGVFKHPHLVIRXQGWREHUHODWLYHO\EHWWHU
WKDQVRPHH[LVWLQJVWHJDQRJUDSK\WHFKQLTXHVLQWHUPVRIHQKDQFHG3615RIWKHVWHJRLPDJH
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI.(6,QWHUQDWLRQDO
.H\ZRUGV*HQHWLF$OJRULWKP,PDJH6WHJDQRJUDSK\)LWQHVV)XQFWLRQFRQQHFWHGQHLJKERU3HDNWR6LJQDO5DWLR
,QWURGXFWLRQ
:LWKWKHDGYHQWRILQWHUQHWVHFXUHGWUDQVPLVVLRQRIGDWDRYHUQHWZRUNVRIIHUVDJUHDWFKDOOHQJH7KLVSUREOHPRI
VHFUHF\RI LQIRUPDWLRQKDV ORQJEHHQ UHFHLYHG WKHDWWHQWLRQRI UHVHDUFKHUVGXH WR LWV LPPHQVHGHPDQG LQ UHDO OLIH
DSSOLFDWLRQVDQGUDSLGGHYHORSPHQWRIFRPPXQLFDWLRQDQGQHWZRUNFRS\LQJSXEOLVKLQJDQGVHFXUHGWUDQVPLVVLRQRI

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GLJLWDOPXOWLPHGLD6RPHGLJLWDOLPDJHVHVSHFLDOO\IRUWKHSXUSRVHRIGHIHQVHDQGFRPPHUFLDODSSOLFDWLRQVUHTXLUH
FRQILGHQWLDODQGPXVWEHSURWHFWHGIURPWKHGLVKRQHVWXVHUV,QRUGHUWRNHHSWKHGDWDVHFUHWWKHUHDUHWZRPHWKRGV
QDPHO\ FU\SWRJUDSK\ DQG VWHJDQRJUDSK\ &U\SWRJUDSK\ GHDOV ZLWK HQFU\SWLRQ DQG GHFU\SWLRQ RI GDWD EXW LWV
H[LVWHQFHFDQQRWEHKLGGHQIURPWKHWKLUGSDUW\2QWKHRWKHUKDQGVWHJDQRJUDSK\DLPVWRNHHSWKHH[LVWHQFHRIWKH
PHVVDJHLQWKHIRUPDWRILPDJHYLGHRDXGLRWH[WRUDQ\RWKHUGDWDVHFUHWLQWKHFRYHULPDJH7KHVWHJDQRJUDSK\
SURFHGXUHFRPSULVHVWKUHHLPSRUWDQWEDVLFFRPSRQHQWVWKHGDWDWREHKLGGHQKHUHLPDJHWKHFRYHUILOHDQGWKH
UHVXOWLQJ VWHJRILOH DIWHUHPEHGGLQJ WKH VHFUHW LPDJH LQWR WKHFRYHU ILOH7KHUHDUH WZR LPSRUWDQW VWHJDQRJUDSK\
DSSURDFKHVQDPHO\ VSDWLDOGRPDLQ DQG IUHTXHQF\GRPDLQ ,Q WKH VSDWLDOGRPDLQHPEHGGLQJRIPHVVDJH LV
GRQH E\ /HDVW 6LJQLILFDQW %LW /6% VXEVWLWXWLRQ PHWKRG ZKHUHDV LQ WKH IUHTXHQF\ GRPDLQ WKH PHVVDJH LV
HPEHGGHGLQWKHIUHTXHQF\FRHIILFLHQWRILPDJHV
7KLVSDSHUDGGUHVVHVWKHSUREOHPRIRSWLPL]DWLRQRIWKLVVWHJRLPDJHWREHFORVHWRWKHFRYHULPDJHDQGPDLQWDLQ
WKHVHFUHWLQIRUPDWLRQHPEHGGHGZLWKLQLW7KLVUHVHDUFKLVPRWLYDWHGE\WKLVSUREOHPRIVHFUHF\RILQIRUPDWLRQWKDW
KDVUHFHQWO\EHHQUHFHLYHGWKHDWWHQWLRQRIORWRIUHVHDUFKHUV7KHUHIRUHLPDJHKLGLQJIRUHPEHGGLQJLPSRUWDQWGDWD
LQWRGLJLWDOPXOWLPHGLDLVRIYLWDOLPSRUWDQFHZLWKWKHREMHFWLYHRILQFUHDVLQJWKHKLGLQJFDSDFLW\PDLQWDLQLQJVHFUHW
LQIRUPDWLRQ XQGHWHFWDEOH WR WKH YLHZHUV DQG ILQDOO\ H[WUDFWLQJ WKH VWHJR LPDJH ZLWK KLJK YLVXDO LPDJH TXDOLW\
$OWKRXJKQXPHURXVVWHJDQRJUDSK\DSSURDFKHVDUHDYDLODEOH LQ WKH OLWHUDWXUH OLPLWHGQXPEHURIVWXGLHVKDYHEHHQ
SURSRVHGEDVHGRQVRIWFRPSXWLQJPHWKRGV7KHUHVHDUFKLVFDUULHGRXWFRQVLGHULQJJHQHWLFDOJRULWKP*$WRLQDQ
DWWHPSW WR LPSURYH WKH YLVXDO TXDOLW\RI WKH VWHJR LPDJHEDVHGRQ VSDWLDO GRPDLQ XVLQJ VRPHEHQFKPDUN LPDJHV
WDNHQIURP86&6,3,LPDJHGDWDEDVH
,QWKLVSDSHUZHWDNHLQWRFRQVLGHUDWLRQDOORXUGLVFXVVLRQWRLPSOHPHQW*$DVDQRSWLPL]DWLRQWHFKQLTXHLQWKH
FRQWH[WRI LPDJHVWHJDQRJUDSK\*$VDUHELRORJLFDOO\ LQVSLUHGFRPSXWDWLRQDO LQWHOOLJHQFHEDVHGDOJRULWKPV
WKDW KDYHEHHQ LPSOHPHQWHG WRDZLGH UDQJHRISUREOHPV LQ WKHDUHDVRI VFLHQFHHQJLQHHULQJEXVLQHVVDQGRWKHU
ILHOGV 7KH\ DUH VWUXFWXUHG UDQGRPL]HG JOREDO VHDUFK RSWLPL]DWLRQ DOJRULWKPV JXLGHG E\ WKH SULQFLSOHV RI QDWXUDO
HYROXWLRQDQGJHQHWLFVEDVHGRQ'DUZLQ¶VWKHRU\7KH\FDQEHXWLOL]HGVXFFHVVIXOO\IRUSURGXFLQJHIILFLHQWVROXWLRQV
IURPODUJHFRPSOH[VHDUFKGRPDLQV:KLOHLPSOHPHQWLQJ*$IRUVROYLQJDSDUWLFXODUSUREOHPRQHKDVWRPRGLI\
WKHFRGLQJRIWKHVROXWLRQLQWKHVROXWLRQVSDFHDORQJZLWKWKHDSSURSULDWHWXQLQJRISDUDPHWHUVSHUWDLQLQJWR*$WR
PDNHXVHRI WKHSUREOHP VSHFLILF DYDLODEOH LQIRUPDWLRQ HIIHFWLYHO\7KHUH DUHRWKHU VLPLODU RSWLPL]DWLRQPHWKRGV
OLNHSDUWLFOHVZDUPRSWLPL]DWLRQDQGDQWFRORQ\RSWLPL]DWLRQ%XWZHKDYHFKRVHQ*$DV LW LVHDV\ WR LPSOHPHQW
VLPSOH DQG IUHTXHQWO\ SURGXFHV QHDU RSWLPDO VROXWLRQZLWK H[HFXWLRQV LQ VXFFHVVLYH JHQHUDWLRQV $OVR D SDUDOOHO
VHDUFK EHJLQV IURP D VHW RI LQLWLDO SRSXODWLRQ XQOLNH IURP D VLQJOH YDOXH LQPDQ\ RWKHU WUDGLWLRQDOPHWKRGV7KLV
DYRLGV WKH VROXWLRQ WRJHW VWXFN DW ORFDO RSWLPD ,Q WKHSURSRVHG*$ZHKDYHGHYHORSHG DKHXULVWLF WHFKQLTXH WR
JHQHUDWHDSDUWRIWKHLQLWLDOSRSXODWLRQZKLOHWKHUHVWJHQHUDWHGUDQGRPO\DQGDOVRDQHZILWQHVVIXQFWLRQEDVHGRQ
3615 YDOXHV REWDLQHG IURP WKH FRQQHFWHG QHLJKERUV RI HDFK SL[HO 7KH SURSRVHG PHWKRG LV FRPSDUHG ZLWK
H[LVWLQJPHWKRGVLQWKHOLWHUDWXUH
7KH UHPDLQGHU RI WKH SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  SURYLGHV D UHYLHZ RI SUHYLRXV UHODWHG ZRUNV
6HFWLRQ  GHVFULEHV WKH SURSRVHG JHQHWLF DOJRULWKP 6HFWLRQ  SUHVHQWV WKH H[SHULPHQWDO UHVXOWV DQG ILQDOO\ WKH
FRQFOXVLRQVDUHJLYHQLQ6HFWLRQ

1RPHQFODWXUH
SF FRYHULPDJHSL[HO
SV VWHJRLPDJHSL[HO
LS LQLWLDOSRSXODWLRQDUUD\
& FRYHULPDJHUHSUHVHQWHGDV'DUUD\
6 VWHJRLPDJHUHSUHVHQWHGDV'DUUD\
33 SDUHQWVROXWLRQVVHOHFWHGIURPLQLWLDOSRSXODWLRQ
22 RIIVSULQJVROXWLRQV
0$;, PD[LPXPLQWHQVLW\RIDSL[HOLH
N SRSXODWLRQVL]HRI*$

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/LWHUDWXUH5HYLHZ
5HFHQWO\ WKHUH KDYH EHHQ JURZLQJ QXPEHU RI UHVHDUFK RQ VWHJDQRJUDSK\ PHWKRGV HVSHFLDOO\ EDVHG RQ VRIW
FRPSXWLQJPHWKRGVOLNH*$DQGSDUWLFOHVZDUPRSWLPL]DWLRQLQERWKVSDWLDODQGIUHTXHQF\GRPDLQV,QWKLVVHFWLRQ
ZHIRFXVRQDUHYLHZRIWKHSUHYLRXVVWXGLHVRQWKHVWHJDQRJUDSK\PHWKRGV
.XPDU DQG 6ULYLG\D SUHVHQWHG D VWHJDQRJUDSK\ WHFKQLTXH EDVHG RQ LQWHJHU ZDYHOHW WUDQVIRUPDWLRQ*$ DQG
RSWLPDOSL[HODGMXVWPHQWSURFHVVIRUHPEHGGLQJWKHPHVVDJHVHFUHWE\XWLOL]LQJ/6%RIWKHFRORUFKDQQHOVLQDJLYHQ
FRORU LPDJH 7KH H[SHULPHQWDO UHVXOWV GHSLFW WKDW WKHLU SURSRVHG PHWKRG LV DQ LPSURYHG YHUVLRQ RI WKH
VWHJDQRJUDSK\WHFKQLTXHDVFRPSDUHGWRWKHDGDSWLYHPHWKRGRIJUD\VFDOHLPDJH.DQDQDQG1D]HULSUHVHQWHGD
QRYHOVWHJDQRJUDSK\WHFKQLTXHLQWKHVSDWLDOGRPDLQUHVXOWLQJLQERWKKLJKHPEHGGLQJFDSDFLW\DQGHQKDQFHG3615
RI WKH VWHJR LPDJH /L DQG:DQJ GHYHORSHG D VWHJDQRJUDSK\ WHFKQLTXH EDVHG RQ SDUWLFOH VZDUP RSWLPL]DWLRQ
PHWKRGWRKLGHGDWD-3(*LPDJHV7VHQJHWDOGHYHORSHGDVWHJDQRJUDSK\PHWKRGWRHPEHGVHFUHWLPDJHXVLQJDQ
LPSURYHG*$DQGRSWLPDOSL[HODGMXVWPHQWSURFHVV:DQJ/LQDQG/LQGHYHORSHGDVWHJDQRJUDSK\PHWKRGEDVHG
RQ*$WRHPEHGWKHVHFUHWPHVVDJHLQWKHPRGHUDWHO\VLJQLILFDQWELWRIWKHFRYHULPDJH7KH\DOVRDSSOLHGDJOREDO
VXEVWLWXWLRQVWHSDQGDORFDOSL[HODGMXVWPHQWSURFHVVIRULPSURYHPHQWRIWKHTXDOLW\RIWKHVWHJRLPDJH/DWHU LQ
DQRWKHUUHVHDUFKZRUN:DQJHWDOSURSRVHGRSWLPDO/6%VXEVWLWXWLRQWRHPEHGWKHGDWDVHFUHWLQWKHKRVWLPDJH
7KH\DOVRSURSRVHG*$WRWKHGDWDKLGLQJSUREOHPLQWKHN/6%VRIWKHKRVWLPDJH
3URSRVHG:RUN
7KHEDVLFLPSOHPHQWDWLRQRI*$FRQVLGHUVDQLQLWLDOSRSXODWLRQRIVROXWLRQVFKURPRVRPHVZKLFKLVPRGLILHGWR
DQHZSRSXODWLRQE\XVLQJDVXLWDEOHILWQHVVIXQFWLRQDORQJZLWKWKHJHQHWLFRSHUDWRUVYL]FURVVRYHUDQGPXWDWLRQ
DQGLWLVUHSHDWHGLQVXEVHTXHQWJHQHUDWLRQV*$DWWHPSWVWRHYROYHJRRGTXDOLW\VROXWLRQVLQWKHSRSXODWLRQEDVHG
RQ WKH ILWQHVV IXQFWLRQ ZKLOH DOVR VHOHFWLQJ VRPH LQIHULRU TXDOLW\ VROXWLRQV VR WKDW WKH GLYHUVLW\ RI WKH VROXWLRQ
TXDOLW\LQWKHSRSXODWLRQLVUHWDLQHG
,QWKLVVHFWLRQZHSUHVHQWD*$WKDWXVHVKHXULVWLFDSSURDFKWRILQGVXSHULRUTXDOLW\VROXWLRQV:HKDYHSURSRVHG
D KHXULVWLF LQLWLDOL]DWLRQ WHFKQLTXH WR JHQHUDWH LQLWLDO SRSXODWLRQ DQG D QHZ ILWQHVV IXQFWLRQ EDVHG RQ WKH 3615
REWDLQHGIURPFRQQHFWHGQHLJKERUVRIHDFKSL[HO7KHGHWDLOHGSURFHGXUDOVWHSVRIWKHSURSRVHGPHWKRGDUHJLYHQ
LQWKHVXEVHTXHQWVHFWLRQV
*HQHWLF$OJRULWKP
,Q WKLV VWXG\ ZH FRQVLGHU HDFK SL[HO RI WKH VWHJR LPDJH VD\ SV VHSDUDWHO\ DQG DSSO\LQJ *$ RQ LW IRU
RSWLPL]DWLRQ/HWSFGHQRWH WKHFRUUHVSRQGLQJSL[HO KDYLQJ WKH VDPHFRRUGLQDWHVDVSVRI WKHFRYHU LPDJH7KH
SVHXGRFRGHRIWKHSURSRVHG*$LVJLYHQDVIROORZV
,QSXWV&RYHUDQG6WHJRJUH\VFDOHLPDJHVHDFKRIVL]Hî
2EMHFWLYH2SWLPL]DWLRQRIJLYHQVWHJRLPDJHXVLQJJHQHWLFDOJRULWKP 
6WHS5HDG WKH FRYHU DQG VWHJR LPDJH ILOHV DQG VWRUH WKH LPDJHPDWULFHV IRU ERWK WKH ILOHV LQ WZRGLIIHUHQW '
DUUD\V6HWDJOREDOEHVWVRIDUEVIDUUD\LQLWLDOO\FRQWDLQLQJWKHVWHJRLPDJHSL[HOV 
6WHS3DGWKHLPDJHVXVLQJERUGHUUHSOLFDWLRQ 
6WHS  6HW WKH LQLWLDO SRSXODWLRQ DUUD\ XVLQJ WKH KHXULVWLFUDQGRP LQLWLDOL]DWLRQPHWKRG WKH GHWDLOV DUH JLYHQ LQ
VHFWLRQ
6WHS  6HOHFW WZR SDUHQWV ZLWK EHWWHU ILWQHVV IURP WKH LQLWLDO SRSXODWLRQ E\ URXOHWWH ZKHHO VHOHFWLRQ XVLQJ 
FRQQHFWHG3615DVILWQHVVIXQFWLRQWKHGHWDLOVDUHJLYHQLQVHFWLRQ 
6WHS &URVVRYHU EHWZHHQ WKH WZR VHOHFWHG SDUHQWV E\ VHOHFWLQJ D UDQGRPELW SRVLWLRQ RWKHU WKDQ WKH HPEHGGHG
SRVLWLRQVEDVHGRQVLQJOHSRLQWFURVVRYHURSHUDWRUWRJHQHUDWHWZRRIIVSULQJVROXWLRQV 
6WHS$SSO\PXWDWLRQE\VZDSSLQJWZRUDQGRPELWVRWKHUWKDQWKHHPEHGGHGELWSRVLWLRQV LQERWKWKHRIIVSULQJ
JHQHUDWHGLQWKHSUHYLRXVVWHS
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6WHS 8SGDWH WKH EVI DUUD\ HYDOXDWLQJ WKH JHQHUDWHG RIIVSULQJ DQG WKH FXUUHQW EVI YDOXH XVLQJ WKH FRQQHFWHG
3615DVWKHILWQHVVIXQFWLRQ
6WHS  &RQVLGHU WKH WZR SDUHQWV WKH WZR RIIVSULQJ DQG UHPDLQLQJ LQGLYLGXDOV JHQHUDWHG EDVHG RQ UDQGRP
SHUPXWDWLRQDVWKHFXUUHQWSRSXODWLRQIRUWKHQH[WJHQHUDWLRQ 
6WHS5HSHDWVWHSWRVWHSIRUDOOWKHSL[HOVRIWKHVWHJRLPDJH
6WHS5HSHDWVWHSWRVWHSIRU1JHQHUDWLRQV
6WHS:ULWHWKHEVIDUUD\LQWKHRXWSXWILOH
2XWSXW2SWLPL]HGVWHJRLPDJHRIVL]Hî
(PEHGGLQJRIGDWD
$FRYHULPDJHRIGLPHQVLRQîîELWVSHUSL[HO%33ZLWKDîî%33LPDJHDOUHDG\HPEHGGHGLQ
LWLVFKRVHQDVWKHVWHJRLPDJH7KHIRXUULJKWPRVW/6%VRIWKHSL[HOVDUHHPEHGGHG
,QLWLDOL]DWLRQ
,Q JHQHUDO WKH LQLWLDO SRSXODWLRQ RI *$ LV VHOHFWHG UDQGRPO\ %XW WKLV DSSURDFK JLYHV XV D ZLGH YDULHW\ RI
VROXWLRQVZKLFKPD\ GLIIHU HDFK WLPH WKH VROXWLRQV DUH JHQHUDWHG7KXV WKH UHVXOWV DUH LQGHILQLWH$OVR VLQFH WKH
VHDUFKVSDFHLVYHU\ODUJHWKHVROXWLRQVWKXVREWDLQHGDUHQRWDOZD\VFRQILQHGZLWKLQWKHQHLJKERUKRRGRIRSWLPDO
VROXWLRQV
7KHDOWHUQDWLYHDSSURDFK LVKHXULVWLF LQLWLDOL]DWLRQ+HXULVWLFVDUHXVXDOO\VLPSOH IDVWDQGSURGXFHJRRGTXDOLW\
RIWHQ QHDURSWLPDO VROXWLRQV IRU VROYLQJ D SDUWLFXODU SUREOHP%XW WKLV GHVWUR\V WKH IODYRU RI*$ EHFDXVH LW LV D
QDWXUDOO\LQVSLUHGVWRFKDVWLFVHDUFKDOJRULWKPZKHUHUDQGRPQHVVFKDUDFWHULVWLFLVLQKHUHQWLQWKHV\VWHP
6RERWKWKHPHWKRGVDUHWDNHQLQWRFRQVLGHUDWLRQIRUWKHVHOHFWLRQRIWKHLQLWLDOSRSXODWLRQLQWKLVSDSHU,QWKLV
FDVHRI WKH LQGLYLGXDOV DUHJHQHUDWHGKHXULVWLFDOO\DQGRI WKH LQGLYLGXDOV UDQGRPO\DVGHVFULEHG LQ WKH
QH[WWZRVXEVHFWLRQV
+HXULVWLF,QLWLDOL]DWLRQ
)RUWKHKHXULVWLFLQLWLDOL]DWLRQSDUWWDNLQJWKHHPEHGGHGSL[HOWKHLWKWKELWVLLWKWKELWVLLLWKDQGWK
ELWV DQG LY WK ELW DUH IOLSSHG UHVSHFWLYHO\ VR DV WR REWDLQ WKH IRXU LQGLYLGXDOV RI WKH LQLWLDO SRSXODWLRQ7KLV LV
IXUWKHULOOXVWUDWHGLQ)LJ

)LJ+HXULVWLF,QLWLDOL]DWLRQIRUDVLQJOHSL[HO
,Q)LJWKHJHQHUDWLRQRIIRXULQGLYLGXDOVRIWKHLQLWLDOSRSXODWLRQXVLQJKHXULVWLFLQLWLDOL]DWLRQKDVEHHQVKRZQ
7KHELQDU\HTXLYDOHQWRIWKHFKRVHQSL[HORIWKHHPEHGGHGLPDJHLV7KHIRXU0RVW6LJQLILFDQW%LWV
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06%V DUH IOLSSHG WR IRUP  ZKRVH GHFLPDO HTXLYDOHQW  EHFRPHV WKH ILUVW LQGLYLGXDO RI WKH LQLWLDO
SRSXODWLRQ6LPLODUO\DQGEHFRPHVWKHUHVWRIWKHLQGLYLGXDOVDVVKRZQLQWKHILJXUH
5DQGRP,QLWLDOL]DWLRQ
6LPLODUO\ LQ WKH UDQGRP LQLWLDOL]DWLRQ SDUW WKH LQLWLDO SRSXODWLRQ LV JHQHUDWHG UDQGRPO\ XVLQJ UDQGRP
SHUPXWDWLRQ IURP WKH HQWLUH UDQJH RI SRVVLEOH VROXWLRQV  ±  DOVR NHHSLQJ WKH HPEHGGLQJ LQ WKH IRXU /6%V
LQWDFW$OVRLWLVFRQVLGHUHGWKDWWKHJHQHUDWHGLQGLYLGXDOVDUHXQLTXHIURPWKHVROXWLRQVJHQHUDWHGKHXULVWLFDOO\LQ
WKHLQLWLDOL]DWLRQVHW
)LWQHVV)XQFWLRQ
$QHZILWQHVVIXQFWLRQGHILQHGDVFRQQHFWHG3615LVLQWURGXFHGLQWKLVSDSHU7KHFRQQHFWHGQHLJKERUVRID
VLQJOHSL[HOSFRIWKHFRYHULPDJHDQGWKDWRIWKHVWHJRLPDJHDORQJZLWKWKHFDQGLGDWHVROXWLRQVNYDULHVIURPWR
DUHLOOXVWUDWHGLQ)LJ

)LJDFRYHULPDJH[EORFNRI6LQJOHSL[HOEVWHJRLPDJH[EORFNRI6LQJOH3L[HOFVWHJRLPDJH[EORFNRI6LQJOHSL[HODORQJ
ZLWKHDFKLQGLYLGXDO
6LQFH WKHSL[HOV EHORQJLQJ WR WKH ILUVW DQG ODVW URZV DQG FROXPQVRI WKH LPDJH DUUD\ GRHVQRW KDYH DOO WKH
FRQQHFWHGQHLJKERUV D VLQJOHERUGHU LV DGGHG DURXQG WKH LPDJHPDWULFHV ERWK FRYHU DQG VWHJRE\XVLQJERUGHU
UHSOLFDWLRQ
8VLQJ(TXDWLRQWKHILWQHVVYDOXHRIHDFKRIWKHLQLWLDOSRSXODWLRQLS>N@FRUUHVSRQGLQJWRDVWHJRLPDJHSL[HO
SVLVFDOFXODWHGEDVHGRQWKH3615RIWKHîEORFNLHLS>N@LQSODFHRIWKHSL[HOSVDORQJZLWKWKHFRQQHFWHG
QHLJKERUV RI WKH VWHJR LPDJH SL[HOSV ZLWK UHVSHFW WR WKH FRUUHVSRQGLQJ SL[HOSF RI WKH FRYHU LPDJH DQG WKHLU
UHVSHFWLYHFRQQHFWHGQHLJKERUV

  
 
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:HKDYHFKRVHQWKHILWQHVVIXQFWLRQE\VOLJKWO\PRGLI\LQJWKH0HDQ6TXDUH(UURU06(DQGWKHQFDOFXODWLQJWKH
3615IURP(TXDWLRQ,Q(TXDWLRQZHDUHFRPSXWLQJWKH06(RIWKHVWHJRLPDJHîEORFNIRUHDFKRIWKH
FDQGLGDWHVROXWLRQNZLWKUHVSHFWWRWKHFRUUHVSRQGLQJSL[HOVRIWKHFRYHULPDJH:LWKLQWKHEUDFHVILUVWO\WKHVTXDUH
HUURUIRUWKHSL[HOVLQWKHîEORFNLVFDOFXODWHGIROORZHGE\VXEWUDFWLRQRIWKHVTXDUHHUURURIWKHSL[HO[\IRU
FRYHUDQGVWHJRLPDJHVLH > @ > @  & [ \ 6 [ \ DQGWKHQLQSODFHRISVWKHFDQGLGDWHSL[HOLS>N@ZKRVHILWQHVV
LVEHLQJHYDOXDWHGLVWDNHQLQWRDFFRXQWDQGWKHVTXDUHHUURUIRULWZLWKUHVSHFWWRWKHSL[HO[\RIWKHFRYHULPDJH
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SFLH > @ > @  S& [ \ L N LVDGGHG7RFDOFXODWHWKH06(WKHUHVXOWVRIDUREWDLQHGLVGLYLGHGE\UHSUHVHQWLQJ
WKHSL[HOVLQWKHîEORFN
6HOHFWLRQ
6HOHFWLRQ LVDQ LPSRUWDQWFRPSRQHQWRI*$'LIIHUHQW W\SHVRIVHOHFWLRQDOJRULWKPVKDYHEHHQ LPSOHPHQWHG LQ
WKH*$OLWHUDWXUH,QWKLVSDSHUZHKDYHDSSOLHGILWQHVVURXOHWWHZKHHOVHOHFWLRQWRFKRRVHWZRSDUHQWVIURPWKHVHW
RILQLWLDOSRSXODWLRQGHSHQGLQJXSRQWKHLUILWQHVVYDOXHV+HUHWKHILWQHVVYDOXHILRIWKHLWKLQGLYLGXDOLVWDNHQIURP
SVQU>N@ JLYHQ LQ (TXDWLRQ  7KH VHOHFWLRQ SUREDELOLW\ SL RI WKH LQGLYLGXDO SL[HO LV JLYHQ LQ WKH IROORZLQJ
HTXDWLRQ
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&URVVRYHU
7KHFURVVRYHURSHUDWRULVHPSOR\HGWRLQWHUFKDQJHVSHFLILHGSDUWVEHWZHHQWZRLQGLYLGXDOV&URVVRYHURSHUDWRU
DWWHPSWVWRFRPELQHJRRGSRUWLRQVRIGLIIHUHQWLQGLYLGXDOVWRIRUPDFRPSOHWHJRRGLQGLYLGXDO&URVVRYHUGRHVQRW
DOZD\V KDSSHQ LQ HYHU\ JHQHUDWLRQ 'HSHQGLQJ XSRQ D VHOHFWHG FURVVRYHU SUREDELOLW\ LW LV GHFLGHG ZKHWKHU WKH
SDUHQWVZLOOXQGHUJRFURVVRYHURUQRW,IQRFURVVRYHURFFXUVH[DFWFRSLHVRIWKHSDUHQWVDUHIRUZDUGHGIRUWKHQH[W
VWHSYL]PXWDWLRQ
,QWKLVVWHSWKHWZRSDUHQWFKURPRVRPHVVHOHFWHGLQWKHSUHYLRXVVWHSVHOHFWLRQDUHDOORZHGWRFRPELQHPDWH
RUUHSURGXFHWRJHQHUDWHWZRRIIVSULQJRUFKLOGFKURPRVRPHV:HKDYHXVHGRQHSRLQWFURVVRYHURSHUDWRU%HIRUH
LQLWLDWLQJ WKHFURVVRYHURSHUDWLRQD UDQGRPELWSRVLWLRQ LV VHOHFWHG$OOGDWDEH\RQG WKDWSRLQW LQHLWKHUSDUHQW LV
VZDSSHGEHWZHHQWKHWZRSDUHQWRUJDQLVPVUHVXOWLQJLQWZRRIIVSULQJVROXWLRQV2DQG27KHUDQJHIRUFKRRVLQJ
WKHUDQGRPFURVVRYHUSRLQWLVEHWZHHQWKDQGWKELWSRVLWLRQV$OVRWKHVZDSSLQJLVGRQHIURPFURVVRYHUSRLQWXS
WR WK ELW IURP 06% 0RVW 6LJQLILFDQW %LW VLGH DV ERWK WKH SDUHQWV KDYH FRUUHVSRQGLQJ ELWV HPEHGGHG ELWV
KLJKOLJKWHG LQ \HOORZ LQ WKH ILJXUH VDPH LQELW SRVLWLRQVUG WR WK DQG VZDSSLQJ WKRVH ELWVZRXOG QRWPDNH DQ\
GLIIHUHQFHLQWKHRIIVSULQJFKURPRVRPHV7KLVKDVEHHQLOOXVWUDWHGLQ)LJ

)LJ2QHSRLQWFURVVRYHURISDUHQWVROXWLRQV
/HWWKHWZRSDUHQWVVHOHFWHGWREHPDWHGEHDQGZKRVHELQDU\HTXLYDOHQWDUHDQG
UHVSHFWLYHO\/HWWKHUDQGRPFURVVRYHUSRLQWVRJHQHUDWHGEH6RWKHQRQHPEHGGHGGDWDEH\RQGWKLVSRLQWLHWKH
WKELWRIWKHWZRSDUHQWVDUHVZDSSHGWRJHWDQGUHVSHFWLYHO\7KXVWKHGHFLPDOHTXLYDOHQWV
DQGEHFRPHWKHRIIVSULQJRIWKHVHOHFWHGSDUHQWV
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0XWDWLRQ
0XWDWLRQLVXVHIXOWRKDYHGLYHUVLW\LQWKHSRSXODWLRQVRWKDWORFDORSWLPXPGRHVQRWJHWVWXFN6LPLODUO\OLNHLQ
FURVVRYHUDPXWDWLRQSUREDELOLW\KDVDOVREHHQVHW7KLVGHWHUPLQHVZKHWKHUPXWDWLRQZLOORFFXURUQRW
7KH WZRRIIVSULQJVROXWLRQV2DQG2JHQHUDWHGE\ WKHFURVVRYHURISDUHQW VROXWLRQ3DQG3FDQ IXUWKHUEH
WXUQHG LQWR EHWWHU VROXWLRQV XVLQJPXWDWLRQ RSHUDWRU0XWDWLRQ RSHUDWRU VLPSO\ VZDSV WZR UDQGRPO\ VHOHFWHG ELWV
RWKHUWKDQWKHIRXU/6%VZKHUHWKHPHVVDJHLVHQFRGHGLQWKHRIIVSULQJFKURPRVRPHVDVVKRZQLQ)LJ

)LJ0XWDWLRQ
/HWWKHRIIVSULQJWREHPXWDWHGEHZKRVHELQDU\HTXLYDOHQWLV/HWDQGEHWKHWZRUDQGRPO\
JHQHUDWHGQXPEHUV6RWKHWKDQGWKHWKELWVRIWKHRIIVSULQJDUHVZDSSHG1RZWKHWKELWEHFRPHVDQGWKHWKELW
EHFRPHVVRDVWRJHWDVVKRZQLQILJ7KXVDIWHUPXWDWLRQEHFRPHVWKHQHZRIIVSULQJ
(YDOXDWLRQ
$IWHUSHUIRUPLQJFURVVRYHUDQGPXWDWLRQRSHUDWLRQVLQHDFKJHQHUDWLRQWKHEHVWVRIDUYDOXHLVXSGDWHGEDVHGRQ
WKH ILWQHVV YDOXHV IURP HTXDWLRQV  DQG ZKHUH N  RI WKH JHQHUDWHG RIIVSULQJ DQG WKH FXUUHQW EHVWVRIDU
VROXWLRQ
7KHSRSXODWLRQIRUWKHQH[WJHQHUDWLRQLVFRQVWUXFWHGFRQVLGHULQJWKHWZRSDUHQWV3DQG3WKHWZRRIIVSULQJ
2DQG2DQGUHPDLQLQJLQGLYLGXDOVJHQHUDWHGEDVHGRQUDQGRPSHUPXWDWLRQ
7HUPLQDWLRQ
,Q RXU LPSOHPHQWDWLRQ RI *$ WKH VWRSSLQJ FULWHULRQ LV VHW DV D FHUWDLQ QXPEHU RI JHQHUDWLRQV )LQDOO\ DIWHU
H[HFXWLRQRIDOOJHQHUDWLRQVZHREWDLQWKHRSWLPL]HGSL[HOVIURPWKHEHVWVRIDUDUUD\
([SHULPHQWDO5HVXOWV
,QWKLVVWXG\ZHKDYHWDNHQWKUHHîVWDQGDUGJUD\VFDOHLPDJHVELWVSHUSL[HO³/HQD´³%DERRQ´DQG
³*LUO´ DV FRYHU LPDJHV DV VKRZQ LQ ILJ 7KH VHFUHWPHVVDJH LV D îJUD\ VFDOH LPDJH LQ HDFK FDVH7KH
SURJUDPZDVLPSOHPHQWHGXVLQJ&UXQQLQJRQ*+]LFRUHSURFHVVRUXQGHU:LQGRZV

)LJ&RYHULPDJHVD/HQDE%DERRQF*LUO
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,QWKHLPSOHPHQWDWLRQRI*$ZHKDYHVHWWKHSDUDPHWHUVEDVHGRQVRPHSUHOLPLQDU\H[SHULPHQWDWLRQVWRREWDLQ
JRRGTXDOLW\VROXWLRQVFRQVLGHULQJSRSXODWLRQVL]HDVFURVVRYHUSUREDELOLW\DVDQGPXWDWLRQSUREDELOLW\DV
DQG WKH QXPEHU RI JHQHUDWLRQV DV  7KH 3615 RI WKH RSWLPL]HG VWHJR LPDJH LPSURYHV ZLWK WKH QXPEHU RI
JHQHUDWLRQVRI WKH*$7KHQXPEHURIJHQHUDWLRQVKDVEHHQFKRVHQDVVRDV WRPDLQWDLQDEDODQFHG WUDGHRII
EHWZHHQWKHTXDOLW\RILPDJHDQGWKHH[HFXWLRQWLPH

)LJ+LVWRJUDPRI/HQDDFRYHULPDJHEVWHJRLPDJHQRQRSWLPL]HGFVWHJRLPDJHRSWLPL]HGGFRPSDULVRQJUDSKRIEDQGF

)LJ+LVWRJUDPRI%DERRQDFRYHULPDJHEVWHJRLPDJHQRQRSWLPL]HGFVWHJRLPDJHRSWLPL]HGGFRPSDULVRQJUDSKRIEDQGF

)LJ+LVWRJUDPRI*LUODFRYHULPDJHEVWHJRLPDJHQRQRSWLPL]HGFVWHJRLPDJHRSWLPL]HGGFRPSDULVRQJUDSKRIEDQGF
,Q )LJ D E DQG F ZH KDYH VKRZQ WKH KLVWRJUDPV RI WKH FRYHU LPDJH DQG WKH QRQRSWLPL]HG DQG
RSWLPL]HGVWHJRLPDJHVRI³/HQD´,Q)LJGDJUDSKKDVEHHQSORWWHGWRVKRZWKHGLIIHUHQFHRIWZRKLVWRJUDP
YDOXHVJLYHQLQ)LJEDQG)LJFLHKRZPXFKWKHKLVWRJUDPRIWKHRSWLPL]HGVWHJRLPDJHKDVYDULHGIURP
WKDWRI WKHQRQRSWLPL]HGRQH6LPLODUO\ZHKDYHGRQH WKLV LQ)LJDQG)LJ IRU³EDERRQ´DQG³JLUO´ LPDJHV
UHVSHFWLYHO\
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7KHFRPSDULVRQVRIWKHDERYHPHWKRGVDUHGRQHRQWKHEDVLVRIWKH3615YDOXHVIURPHTXDWLRQVDQGRI
WKHRSWLPL]HGLPDJHVREWDLQHGE\DSSO\LQJWKHSURSRVHG*$ZLWKUHVSHFWWRWKHFRUUHVSRQGLQJFRYHULPDJHV7KH
HIIHFWLYHQHVVRIRXUSURSRVHGPHWKRGKDVEHHQGHSLFWHGLQWDEOH
7DEOH3615YDOXHVREWDLQHGIURPRXUH[SHULPHQWV
,PDJH1DPH
3615
(PEHGGHGLPDJH 3URSRVHG0HWKRG
/HQD  
%DERRQ  
*LUO  
7KHDYHUDJH3615RIWKHVHOHFWHGHPEHGGHGRUVWHJRLPDJHVEHIRUHDQGDIWHUDSSO\LQJRXUJHQHWLFDOJRULWKPDUH
DQGUHVSHFWLYHO\7KLVSURYHVWKDWZHKDYHRSWLPL]HGWKHJLYHQVWHJRLPDJHVDQGKDYHWKXV
DFKLHYHGRXUJRDO
7DEOH&RPSDULVRQRI3615YDOXHVREWDLQHGIURPRXUSURSRVHGZRUNDJDLQVWDGDSWLYHPHWKRGDQG.XPDUDQG6ULYLG\D
,PDJH1DPH
3615
$GDSWLYHPHWKRG .XPDUDQG6ULYLG\D¶VPHWKRG 3URSRVHGPHWKRG
/HQD   
%DERRQ   
7DEOH  FRPSDUHV WKH 3615 YDOXHV RI JUH\ VFDOH /HQD LPDJH IRU WKH SURSRVHG PHWKRG DJDLQVW WKH DGDSWLYH
PHWKRGDQG*$RI.XPDUDQG6ULYLG\D7KHUHVXOWVRIWDEOHVKRZWKHVXSHULRULW\RIWKHSURSRVHGPHWKRGRYHU
WKHH[LVWLQJPHWKRGV
&RQFOXVLRQV
,QWKLVSDSHUWKHSUREOHPRIVWHJDQRJUDSK\LVFRQVLGHUHGWRRSWLPL]HWKHVWHJRLPDJHFORVHWRWKHFRYHULPDJH
ZLWKRXWDIIHFWLQJWKHVHFUHW LPDJHHPEHGGHGZLWKLQLW:HKDYHSURSRVHGDQLPSURYHGJHQHWLFDOJRULWKPWRVROYH
WKLV SUREOHP $OVR ZH KDYH SUHVHQWHG D KHXULVWLF LQLWLDOL]DWLRQ WHFKQLTXH IRU JHQHUDWLQJ D SDUW RI WKH LQLWLDO
SRSXODWLRQDQGDQHZILWQHVVIXQFWLRQ7KHSURSRVHGPHWKRGRSWLPL]HVWKHFKRVHQVWHJRLPDJHVWRJHWLPDJHVZLWK
KLJKHU3615VDQGWKHVH3615VDUHJUHDWHUWKDQWKRVHSURGXFHGE\WKHH[LVWLQJDOJRULWKPV
7KHUH DUH VRPH LVVXHV LPSRUWDQW IRU IXWXUH UHVHDUFK VXJJHVWLRQV )LUVW DQRWKHU EHWWHU KHXULVWLFPHWKRG FDQ EH
XVHG WR VHW D EHWWHUTXDOLW\ VHDUFK VSDFH DV LQLWLDO SRSXODWLRQ 6HFRQG VLQFH RXU SUHVHQW VWXG\ XVHV FRQQHFWHG
3615 DV WKH ILWQHVV IXQFWLRQ DQG WKH VROXWLRQ RI D*$ GHSHQGV RQ WKH ILWQHVV IXQFWLRQ HIIRUWV ZLOO EHPDGH WR
GHYHORS D EHWWHU ILWQHVV IXQFWLRQ WR REWDLQ VXSHULRU UHVXOWV $V DQ DOWHUQDWLYH WR WKH H[LVWLQJ VRIW FRPSXWLQJ
DOJRULWKPRWKHUDOJRULWKPVVXFKDVFXFNRRVHDUFKDOJRULWKPDQGEDFWHULD IRUDJLQJRSWLPL]DWLRQDOJRULWKPFDQEH
LPSOHPHQWHGWRREWDLQDFFXUDWHPRGHOLQJRIVWHJDQRJUDSK\
$FNQRZOHGJHPHQWV
:HDUHJUDWHIXOWR3URIHVVRU$PULWD.KDPUXLIRUKHUKHOSIXOFRPPHQWVDQGVXJJHVWLRQVLQZULWLQJWKLVSDSHU
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